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DEVELOPING AN EXPERIMENTAL OIL SHALE MINE

Stephen Utter
Bureau of Mines, U.S. Department of the Interior
Denver, Colorado

Abstract
As part of their Energy Research and Development Program, the Bureau of Mines is
developing an experimental oil shale mine facility in the central Piceance Creek
Basin of northwestern Colorado.
This paper describes the results of their exploration program and hydrological
investigation, the preliminary mine layout, and plans for the large-diameter
bored shaft.
GEOLOGY

INTRODUCTION
Development of an experimental oil shale mine is

In the Piceance Creek Basin, the Parachute Creek

proposed as part of the Bureau's energy extraction

Member of the Green River Formation is estimated

research and development program that began in 1974.
A major goal of the subprogram, "Advancing Oil

to contain about 471 billion barrels of oil equiv
alent in the higher-grade shale* beds. The Para

Shale Mining Technology," is to design, develop,

chute Creek Member is divided into an Upper and

and demonstrate improved methods for mining the

Lower Zone.

deep, thick, oil shales in the Piceance Creek

depth of about 1,100 feet at the field test site,

The Upper Zone, which extends to a

Basin of northwestern Colorado.

includes the Mahogany Zone containing about 29 per

Several promising concepts for low-cost, large-

cent of the higher-grade shale.

scale, underground mining of oil shale have been
generated by technical and economic studies recent
ly completed.

The next phase of the program is to

The Lower Zone

extends from the base of the Mahogany Zone to the
Orange Marker at a depth of about 2,450 feet. This
Zone, which contains the remaining 71 percent of

test the validity of these concepts under actual

the higher-grade shale, is further subdivided into

mining conditions.

seven rich and seven lean zones.

This requires access to the

It is also di

deep shale horizons since no underground mines pres
ently exist in the central Basin where the deep,

vided into two zones, Leached and Unleached, on the
basis of the leaching of water-soluble minerals.

thick shale deposits are located.

The Leached Zone contains large quantities of sa
line water.

This paper describes the exploration drilling pro

The Unleached Zone lies below the

Leached Zone and contains deposits of the saline

ject undertaken to select a site for the proposed
mine, the stratigraphy, mineral layouts, and design

minerals, nahcolite, and dawsonite, in addition to
oil shale.

of a large-diameter bored shaft to gain access
to the mining horizons.

The thick, higher-grade oil shales and associated

* At least 10 feet thick and averaging 25 or more gallons per ton.
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saline minerals in the Unleached Zone are the pri
mary target for the proposed experimental mine.

Mahogany Zone and in the Leached Zone, and compe

CORE DRILLING AND TESTING

The principal aquifer system consists of two aqui

tent rock in the Unleached Zone.

fers, the Upper Aquifer and the Lower Aquifer.

Selection of a field test site involved an inves
tigation of the geology and hydrology, core drill

These are separated by the Mahogany Zone, which

ing, testing, and analysis of the core.

acts as a confining layer.

Measurements were taken

of water discharge, temperature, and conductance in
With the cooperation of the Geological Survey, we

Hole 01-A.

chose four sites that appeared to be suitable for

Water inflow ranged from 60 gpm at a

depth of 470 feet (Upper Aquifer) to 1,625 gpm at

the proposed mine. These sites were ranked as to
estimated grade and tonnage of oil shale and as

1,400 feet.

sociated minerals, stratigraphy, ground water, top

Water quality varied from fresh to

about 4,000 micromhos at a depth of 2,500 feet.

ography, evidence of faulting and fracturing, ac

Pumping tests were conducted in Hole 02-A.

cess, and land ownership.

indicated that the Upper Aquifer has a transmissiv

A major consideration

ity of 2,500 square feet per day and storage co3
efficient of about 3 x 10 , which is typical for

was to select an area that would be representative
of tracts that might eventually be mined commer
cially.

this aquifer.

No water level change was measured

in Hole 01-A in the Lower Aquifer during pumping

The first choice was a site near the junction of

tests in Hole 02-A in the Upper Aquifer.
Ryan Gulch, Horse Draw, and Piceance Creek.

Results

Drill

This in

dicated that the vertical permeability of the Ma

Hole 01 was spudded on October 3, 1975 and drilled
hogany Zone at the test site is less than 0.05 feet
per day. Testing of the Lower Aquifer showed a

to a total depth of 2,382 feet using air/mist as
circulating fluid.

Large quantities of saline

water (up to 1,050 gpm) were encountered as well as
zones of myIonite, fault gouge, and fault breccia.

transmissivity not greater than 300 square feet per
day.
MINING EXPERIMENTS

The drilling rig was then moved 1% miles north to
an area where a geophysical survey had indicated

Four of the several underground mining methods ini

fewer faults and fractures.

tially studied are considered to be sufficiently

Hole 01-A was spudded

promising to warrant further investigation and test

on November 3, and was drilled to a total depth of
2,610 feet.

ing.

This was followed by Hole 02-A, which

These Include (1) chamber and pillar mining

was spudded on December 3, and drilled to a total

with spent shale backfill, (2) sublevel stoping

depth of 2,660 feet.

with spent shale backfill, (3) sublevel stoping

After pumping tests, Hole

02-A was underreamed in the Unleached Zone to a

with full subsidence, and (4) block caving mining

diameter of 15 inches.

using load-haul-dump equipment (LHD's).

Twenty-five tons of cut

Two of

tings, collected during underreaming, were shipped

these systems involve backfilling with spent shale

to the Bureau's Boulder City Metallurgy Research

(retorted shale waste).

Laboratory for testing under their alumina re
covery program.

Actual field demonstration of these methods is
needed to verify their technical and economic

Similar stratigraphy was encountered in both Holes

feasibility and to insure prompt transfer of the

01-A and 02-A.

technology.

In Hole 01-A the Mahogany Marker

Since the conceptual designs of these

Mahogany Zone is about 200 feet. The underlying
Leached Zone is about 350 feet thick, and the Un

methods are for commercial-sized operations, they
must be scaled down and adapted for the proposed
experimental mine.

leached Zone is about 900 feet thick.

Besides testing new mining methods we plan to use

is at a depth of 936 feet.

Total thickness of the

Core Index

values Indicated generally Incompetent rock in the

the experimental mine for evaluating possible
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health and safety hazards, for rock mechanics
studies, ventilation and ground water problems,

BORED SHAFT

equipment performance, and other novel mining con
cepts.

We have awarded a contract to drill and case a

Large bulk samples of oil shale containing

large-diameter shaft on the site.

the saline minerals nahcolite and dawsonite will

A 120-inch dia

meter hole will be drilled and cased to a depth of

be obtained for metallurgical testing.

2,390 feet with 96-inch I.D. steel casing.

We plan

Engineering, development, operation, and decommis

to use this shaft as a means of access to the deep

sioning of the proposed experimental mine is plan

shale deposits for obtaining bulk samples of oil

ned to proceed in five stages.

shale containing the minerals nahcolite and dawson
ite, for rock mechanics studies, and to obtain data

The first stage consists of the design of the sur

on the geology and hydrology of the deposit.

face facilities and mine, core drilling and samp

shaft may ultimately be incorporated as a ventila

ling, construction of access roads and shaft site,

tion escape shaft as part of the proposed experi

and the boring of a large-diameter ventilation and
access shaft.

This

mental mine.

Duration of Stage I is scheduled

Similar methods have been used suc

cessfully for boring shafts on the Nevada test site

for 12 months.

and on Amchitka Island, Alaska, under hydrological
The second stage will consist of the sinking of a
20-foot diameter vertical shaft to a depth of
about 2,400 feet.

conditions ranging from little or no water to heavy
water inflows at high hydrostatic pressures.

This shaft will be used for in

take ventilation, ore hoisting, and service.

Con
BIOGRAPHY

struction of the surface plant, including sinking
and equipping the shaft, is estimated to take 30

A graduate of the University of Idaho with a B.S.

months.

Degree in Mining Engineering, Steve Utter is mar
ried and has three college-age children.

Stage III, the mine development stage, is esti
mated to last about nine months.

His pro

fessional experience includes several years in

The initial ven

South America and in the western United States.

tilation system will be developed, and one chamber

Since 1950, he has been employed by the Bureau of

and pillar stope will be prepared for testing.

Mines in Arizona, Colorado, and Nevada, engaging
The fourth stage will consist of testing the var
ious mining methods.
years.

principally in mining research.

Estimated duration is 4

Total production during the testing period

is estimated to be about 2.5 million tons.

From 1951-1956,

he worked in the Bureau's Anvil Points Oil Shale
Mine near Rifle, Colorado.

During

He is Program Coordi

nator for the Bureau's Energy R & D Subprogram,

the final stage, the mine will be decommissioned,

"Advancing Oil Shale Mining Technology." Hobbies

and the area will be restored as nearly as pos
sible, to its original condition.

are hunting and fishing.

An isometric view of the proposed mine layout is
shown in Figure 1.

Approximate dimensions will be

2,000 feet by 2,300 feet.
levels.

Mining will be on two

An undercut level will be developed on

the upper level to test the caveability of the
shale.

Sublevel stoping and chamber and pillar

mining tests will be conducted on the lower level.
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